Orthogonal Frequency Division Multiplexing (OFDM) is a technique widely used in today's wireless communication systems due to its ability to combat the effects of multi-path in the signal. However, one of the main limitations of the use of OFDM is its high Peak-to-Average Power Ratio (PAPR), which reduces the efficiency of the OFDM s ystem. The effects of PAPR can produce both out-of-band and in-band radiation, which degrades the signal by increasing the bit error rate (BER), this occurs in both baseband and bandpass sginals. In this document the effect of the PAPR in a OFDM passband signal is analyzed considering the implementation of a High Power Amplifier (HPA) and the Simple Amplitude Predistortion-Orthogonal Pilot Sequences (OPS-SAP) scheme to reduce the PAPR.
Introduction

11
For some years, many wireless communication systems have based the transmission of 2. Theoretical Review 30 2.1. The PAPR problem of an OFDM signal 31 OFDM is a multi-carrier technique that is used in various wireless communications scenarios because it offers great advantages in the transmission of information, such as robustness against the effects of multipath, high spectral efficiency and its simple equalizer structure [3] . However, as it has advantages, OFDM has some drawbacks, such as: Symbol Time Offset (STO) for time synchronization accuracy and Carrier Frequency Offset (CFO) for frequency synchronization accuracy, which are necessary to maintain orthogonality between subcarriers [4] . The greatest limitation when transmitting with an OFDM system occurs when there are too high-power peaks with respect to the average power in the transmission, which leads to large fluctuations in the OFDM signal. These peaks are formed when subcarriers with the same phase add up in a certain time and therefore there is degradation in the signal, especially when the signal passes through a non-linear amplifier for example HPA [5] . This limitation is known as Peak-to-average power ratio (PAPR). In general, the PAPR, denoted as X in the time domain is mathematically defined as the existing relationship between the maximum instantaneous power and its average power [6], which can be described with the following expression:
Where max 0≤t≤T |x(t)| 2 is the maximum instantaneous power, E |x(t)| 2 is the average signal power and 32 E {·} denotes the expected value [5] .
34
In real OFDM systems, usually the discrete time model is implemented, therefore, is more convenient to work with the PAPR in discrete time. So, the PAPR is mathematically defined as [7] :
(2)
PAPR in passband signal
35
A OFDM passband signal is usually transmitted with a frequency much higher than the bandwidth of each subcarrier of the baseband signal, f c ∆ f , where f c is the carrier frequency, therefore, the maximum of the passband signal is approximately equal to the maximum of the baseband signal in continuous time [6] mathematically defined as:
As in the base band, in passband it is possible to obtain the average power, which is given by:
Analyzing the above expressions, it can be affirmed that the PAPR of the complex passband signal χ PB can be approximate to [7] :
In many radio systems today, HPAs are used on the transmitter side to achieve enough 38 transmission power to reach the established parameters. HPAs usually operate near the saturation 39 point to obtain maximum performance, however, they are devices limited in power and quite sensitive 40 to the variation in signal amplitude[7].
If the system works with an OFDM signal with large fluctuations in its envelope, this will cause the HPA to saturate, causing radiation, both outside and inside the band, which affects adjacent bands and the signal itself. In order to avoid these problems, the HPA must work below its saturation point (back-off), which reduces the efficiency of this device. The HPA being a physical device will introduce distortion in the OFDM signal, to measure this distortion the terms Input Back-off (IBO) and (Output Back-off (OBO) are defined, which are mathematically defined as [8]:
Where P max in and P max out represent the maximum instantaneous power input and output, respectively, The Complementary Cumulative Distribution Function (CCDF) is quite used today to evaluate PAPR reduction techniques. The CCDF determines the probability that the PAPR exceeds a given value or threshold Xo. The CCDF can be written as [9]:
process that the data must follow for its transmission, this process includes a scrambler, a convolutional 66 coder, a interleaver, a modulator, the generation of OFDM symbols, the respective IFFT, the PAPR 67 reduction technique block, the cyclic prefix aggregation, frequency change to passband and the HPA. As explained above, the OPS-SAP technique will be used to reduce the PAPR, so in that block 70 an OFDM symbol is received and its PAPR value is obtained, if the value is higher than 6 dB, the 71 technique is applied, otherwise the symbol is passed without modifying it. In the up-frequency block 72 OFDM packets are received and a carrier frequency array with the exact same size as a OFDM packet is 73 generated, this vector its applied to the OFDM packet to raise the frequency of it. Finally, the amplifier 74 HPA block receives OFDM packets and use the IBO and s parameter in order to start the simulation, 75 using the Rapp model.
76
For the process in the reception part, the opposite steps to transmission are followed, as can be 77 seen in Figure 2 . Figure 5 which refers to PER vs SNR for passband OFDM frames with a carrier frequency of 5.9 GHz.
84
The PER is slightly improved for frames with QPSK and 3/4 code rate and 16QAM with 3/4 code rate.
85
Moreover, passband frames with 64QAM modulation present distortion ( Figures 5 and 7) in its PER 86 which leads to the conclusion that applying a HPA amplifier causes this result. sequence is selected to get the lowest PAPR when combined with the data in the modulation process.
92
To check its effect, a comparison between the CCDF curves from frames with and without technique is 93 carried out. 2.4 GHz and 5.9 GHz, respectively at different rates. For the 2.4 GHz case and for a probability of 10 −2 106 it is observed a reduction of 0.8 dB for OFDM frames at 3 Mbps, 0.8 dB for OFDM frames at 4.5 Mbps, 107 0.9 dB for OFDM frames at 6 Mbps, 0.9 dB for OFDM frames at 9 Mbps, 0.7 dB for OFDM frames at 12 108 Mbps, 0.2 dB for OFDM frames at 18 Mbps, 1.4 dB for OFDM frames at 24 Mbps and a reduction of 0.8 109 dB for OFDM frames at 27 Mbps. Here, OFDM frames with 64QAM and a code rate of 2/3 present the 110 best performance.
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For the 5.9 GHz case and for a probability of 10 −2 , it is observed a reduction of 0.6 dB for OFDM 0.02 dB for OFDM frames at 24 Mbps and a reduction of 0.3 dB for OFDM frames at 27 Mbps. OFDM 115 frames with 16QAM and a code rate 3/4 present the best performance. 
Conclusions
117
• In this work, the behavior of the PAPR in passband signal is evaluated in an environment that 118 uses OFDM with the IEEE 802.11p physical layer. The OPS-SAP technique is applied for PAPR
